Neuraminidase inhibitors, oseltamivir and zanamivir, are used for the treatment of, and protection from, influenza. The safety of these compounds has been assessed in systematic reviews. However, the data presented are somewhat limited by the paucity of good quality adverse event data available. The majority of safety outcomes are based on evidence from just one or two randomised controlled trials. The results of the systematic reviews suggest that neuraminidase inhibitors have a reasonable side effect and adverse effect profile if they are to be used to treat or protect patients against a life-threatening disease. However, if these compounds are to be prescribed in situations in which avoidance of inconvenience or minor discomfort is hoped for, then the balance of harms to benefits will be more difficult to judge.
(three times in the last century) and these give rise to global pandemics that have claimed the lives of millions, including the young and healthy. In modern epidemics, most influenza-related deaths are due to exacerbation of underlying cardiopulmonary disease, and pneumonia is a relatively minor contributor. However, this ratio is reversed in pandemic years when most deaths are due to pneumonia.
Neuraminidase inhibitors
Neuraminidase inhibitors differ from the pre-existing antiviral agents, amantadine and rimantadine, which are only effective in the treatment of type A influenza. Amantadine and rimantadine have a stronger side effect profile, including severe adverse reactions, and there are problems with the induction of resistance with Influenza Type A.
Neuraminidase inhibitors can be used for treatment of, as well as the prophylaxis against influenza type A and type B. They block the activity of the viral neuraminidase enzyme needed to enable new viral particles from being released out of infected cells. There are two neuraminidase inhibitors currently available: zanamivir (Relenza ® made by Glaxo Wellcome), a powder that is normally inhaled, and oseltamivir (Tamiflu ® , co-developed by Gilead Sciences, and Hoffmann-La Roche), an oral agent available as both a suspension and a tablet. In addition, there are other neuraminidase inhibitors being developed that could potentially be available in the not-too-distant future.
The FDA has approved the use of oseltamivir for the treatment of uncomplicated influenza in patients aged ≥ 1 year whose symptoms have not lasted > 2 days, and for the prevention of influenza in adults and children aged ≥ 1 year. However, it acknowledges that treatment efficacy has not been established in subjects with chronic cardiac disease or respiratory disease and prevention efficacy has not been established in immunocompromised patients. Oseltamivir is not approved for infants aged < 1 year because preclinical studies in juvenile rats have found extremely toxic levels of drug in the brains of the rats after application of a single dose. This is most probably because of permeability of the immature blood-brain barrier [102] . Zanamivir has been approved for persons aged ≥ 7 years for the treatment of uncomplicated influenza virus but not for use in prevention of influenza (prophylaxis). It is not recommended for people with underlying respiratory disease such as asthma as some people with these conditions have experienced serious side effects such as wheezing and shortness of breath and it has not been shown to be effective in this population [103] . The European Medicines Agency (EMA) has given a similar indication for treatment with oseltamivir, although their indication for prevention differs. Postexposure prevention is indicated for adults and adolescents aged ≥ 13 years, whereas seasonal prevention of influenza should only be considered in adults and adolescents aged ≥ 13 years in exceptional situations [104] . Zanamivir is indicated for treatment of adults and adolescents aged ≥ 12 years, but is not yet approved for prophylaxis [105] .
It is the safety profile of neuraminidase inhibitors which is the subject of this review. The review is based primarily on data from the most recent systematic review of the efficacy and safety of antiviral agents for the treatment and prevention of influenza in healthy adults [1] , and a Cochrane systematic review of neuraminidase inhibitors for preventing and treating influenza in children [2] . It should be noted that the systematic review for children was not able to identify any prophylaxis studies of neuraminidase inhibitors acceptable for inclusion, so safety data for oseltamivir or zanamivir in a prophylaxis role for children is not presented in this review. A systematic review of randomised, controlled trials is generally regarded as the highest level of evidence attainable for healthcare interventions. In addition, it has been reported that non-randomised studies generally tend to underestimate the risk of harms from medical interventions compared with randomised studies [3] .
Safety profile of oseltamivir
According to the manufacturer, the adverse events occurring more frequently in patients taking oseltamivir compared to placebo are nausea, vomiting, bronchitis, insomnia and vertigo for adults in treatment studies; vomiting, abdominal pain, epistaxis, ear disorder and conjunctivitis for paediatric patients in treatment studies; and nausea, vomiting, diarrhoea, abdominal pain, dizziness, headache, insomnia, vertigo and fatigue for adults and adolescents in prophylaxis studies [106] . The following data comes from the most recent systematic review of the efficacy and safety of antiviral agents for the treatment and prevention of influenza [1] and a Cochrane systematic review of neuraminidase inhibitors for preventing and treating influenza in children [2] .
Prophylaxis in adults
In a prophylaxis role, oral oseltamivir at 75 mg/day is associated with significantly more nausea compared to placebo (OR: 1.8, 95% CI: 1.1 -2.9). The number of people taking 75 mg/day that would result in one additional case of nausea ('number needed to harm') is 20 (95% CI: 13 -63). Oral oseltamivir at the higher dose of 150 mg per day is also associated with significantly more nausea compared with placebo (OR: 2.3, 95% CI: 1.3 -3.9). The number needed to harm for the higher dose is 13 (95% CI: 9 -33). The increased vomiting associated with oseltamivir use is not significantly different from that experienced by those taking placebo: oral oseltamivir at 75 mg/day, OR: 2.3, (95% CI: 0.9 -6.0), at 150 mg/day, OR: 3.6, (95% CI: 0.8 -15.8). Other reported adverse events are similarly not significantly different between oseltamivir at 75 mg/day and placebo: diarrhoea (OR: 0.6, 95% CI: 0.3 -1.2), abdominal pain (OR: 1.0, 95% CI: 0.5 -2.0) and other adverse events (OR: 1.0, 95% CI: 0.6 -1.6), Table 1 . Withdrawals due to gastrointestinal events were too infrequent to provide meaningful results.
Treatment in adults
In a treatment role, there is insufficient evidence to confirm oral oseltamivir is associated with increased adverse events compared to placebo. It appears that 150 -300 mg daily may be associated with more nausea than placebo, but any differences are not statistically significant (OR: 1.8, 95% CI: 0.7 -4.4). Other adverse events compared included: cough (OR: 1.3, 95% CI: 0.5 -3.2), headache (OR: 1.0, 95% CI: 0.5 -2.0), diarrhoea (OR: 0.6, 95% CI 0.3 -1.1), nasal symptoms (congestion, rhinitis, dry or sore throat) (OR: 0.9, 95% CI: 0.5 -1.4) and all types of adverse events (OR: 0.7, 95% CI: 0.4 -1.1), Table 2 .
Treatment in children
Oral oseltamivir in a treatment role in children is associated with significantly more vomiting compared with placebo (OR: 1.7, 95% CI: 1.2 -2.5), resulting in a number needed to harm of 18 (95% CI: 11 -67) . Surprisingly there appears to be no such effect for nausea (OR: 0.8, 95% CI: 0.4 -1.5). Other reported adverse events are similar for oseltamivir and placebo groups: any adverse event (OR: 0.9, 95% CI: 0.7 -1.1), serious adverse events (OR: 2.0, 95% CI: 0.6 -6.7), adverse events leading to study withdrawal (OR: 1.0, 95% CI: 0.4 -2.7), and diarrhoea (OR: 0.8, 95% CI: 0.5 -1.3), Table 3 .
Safety profile of zanamivir
The manufacturer reports the following side effects from zanamivir: nausea, diarrhoea and sinusitis. But the incidence of these adverse events is reported similar for treated patients using active drug and placebo. Bronchospasm and decline in lung function has been reported by some patients receiving zanamivir, mainly but not exclusively, in patients with underlying airway disease (such as asthma or chronic obstructive pulmonary disease) [107] .
Prophylaxis in adults
The most recent systematic review of the efficacy and safety of antiviral agents for the treatment and prevention of influenza did not report on adverse events for zanamivir in a prophylaxis role [1] . Therefore, data from a previous systematic review are presented [4] . All adverse events were pooled and the proportions of individuals with an adverse event in the two groups were: zanamivir: 7.5% (95% CI: 6.2 -9.2%) versus placebo: 7.8% (95% CI: 6.4 -9.7%).
Treatment in adults
Zanamivir as treatment is not associated with increased adverse events of any type compared with placebo [1] . Table 4 .
Treatment in children
Zanamivir to treat children is not associated with increased adverse events in comparison with placebo [2] . However, this finding is based on data from just one study. Adverse events, and serious adverse events, were similar OR = 0.8, (95% CI: 0.5 -1.2), and OR = 3.3 (95% CI: 0.1 -8.2), respectively, Table 4 . Adverse events leading to study withdrawal could not be assessed reliably because they were reported so infrequently.
Conclusion
These data on neuraminidase inhibitors are somewhat limited by limited good quality adverse event data available. The majority of safety outcomes are based on evidence from just one or two randomised, controlled trials. Consequently, 95% confidence intervals are wide and do not rule out the possibility of clinically important adverse events from these drugs in addition to those reported here. Oseltamivir administered as prophylaxis in healthy adults was associated with increased nausea. The causal effect is supported by the dose response: there was more nausea with a greater dose of drug, so that for 75 mg/day, 20 patients had to be treated to cause one to experience nausea, compared with 13 if they took double that dose. However, there was no significant increase in vomiting. This might have been a consequence of inadequate power: the incidence of vomiting was lower than that for nausea. Nor was oseltamivir administered Table 3 . Safety outcomes for oral oseltamivir used as treatment (children).
Safety outcome
Number of trials Oseltamivir group n/N (%)
Placebo group n/N (%)
Odds ratio (95% CI)
P-value
Any adverse event 2 [10, 11] 251/514 (48.8) 269/515 (52.2) 0.9 (0.7 -1.1) 0.3
Serious adverse events 2 [10, 11] 8/514 (1.6) 4/515 (0.8) 2.0 (0.6 -6.7) 0.3
Adverse events leading to study withdrawal 2 [10, 11] 8/514 (1.6) 8/515 (1.6) 1.0 (0.4 -2.7) 1 Nausea 2 [10, 11] 17/514 (3.3) 22/515 (4.3) 0.8 (0.4 -1.5) 0.4 Vomiting 2 [10, 11] 76/514 (14.8) 48/515 (9.3) 1.2 (1.1 -2.5) 0.008 Diarrhoea 2 [10, 11] 40/514 (7.8) 49/514 (9.5) 0.8 (0.5 -1.3) 0.3 as prophylaxis at 75 mg daily in healthy adults associated with diarrhoea, abdominal pain or other adverse events. Data for these adverse outcomes were not available for the increased dose of 150 mg daily or for administration to children prophylactically. Oseltamivir administered as treatment for adults was not associated with cough, headache, diarrhoea, nasal symptoms or nausea. An analysis of all adverse events combined also showed no difference between patients given oseltamivir and patients given placebo. However, all of these results, with the exception of nausea, are based on just one study of ∼ 300 patients. The odds ratio obtained for the nausea comparison was consistent with the prophylaxis result, although there was no statistical significant difference found. In the case of children, oseltamivir administered for treatment of influenza leads to an increase in vomiting, where an additional 18 children treated would result in one additional case of vomiting. Paradoxically no increase in nausea was found, although this might be a reporting anomaly: the overall incidence of vomiting reported was much higher compared with that for nausea.
Oseltamivir was not associated with diarrhoea, serious adverse events or adverse events serious enough to warrant withdrawal from a randomised clinical trial. A comparison of any adverse event also showed no difference between groups of children treated with oseltamivir and equivalent groups treated with placebo.
Zanamivir used as a prophylaxis against influenza in healthy adults seemed to have no adverse effects. There are no data for children. As treatment in adults, it was not associated with cough, headache, diarrhoea, nasal symptoms, nausea, bronchitis or pneumonia, nor all adverse events combined.
The data on which these conclusions are based are more substantial than for oseltamivir and so one might have more confidence in them. They are based on between two and four randomised studies and between 1000 and > 2000 patients in total. In the case of children, treatment with zanamivir was not associated with any adverse event or serious adverse events, although the data on serious adverse events is nonetheless limited.
Expert opinion
These drugs have a reasonable side effect and adverse effect profile if they are to be used to treat or protect patients against a life-threatening disease. However, if neuraminidase inhibitors are to be prescribed in situations in which avoidance of inconvenience or minor discomfort is hoped for, then the balance of harms to benefits will be more difficult to judge. One might expect zanamivir to have fewer systemic side effects since it is inhaled rather taken systematically, and this is supported by the data.
Can we expect more trials to supplement and better inform these conclusions? First, potential trialists would have to convince ethics committees that there is sufficient uncertainty about the cost-benefit of the drugs in prophylaxis and treatment of influenza to approve further work. Another source of data might come from use of these drugs for other diseases, such as H5N1 disease (the human form of avian influenza), for which they are currently recommended [108] . Another again would come from widespread use of the drug and observational data, often the source of rare or uncommon adverse events of drugs.
